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Executive Summary I 

Purpose 
has spent more than $39 billion to assist in constructing and upgrading 
municipal sewage-treatment plants under the Construction Grants Pro- 
gram. The Environmental Protection Agency (EPA) has not yet per- 
formed an adequate evaluation of how effective the program has been 
in cleaning up the nation’s waters, although extensive water-quality 
data have been collected. GAO undertook this report in order to develop 
guidelines for the use of available data and software in evaluating 
sewage-treatment plant upgrades. This volume of GAO'S two-volume 
report presents the results of four case studies that demonstrate the 
utility of GAO'S guidelines for estimating the effect of selected upgrades. 
The volume accompanying this one includes a detailed discussion of 
GAO'S methodology. 

Background 

/ 

increasing the capacity of existing municipal sewage-treatment plants 
and on improving their efficiency in removing specific pollutants from 
the wastewater they discharge into rivers and streams. Past evaluations 
of the program’s activities have looked only at the change in plant effi- 
ciency resulting from the upgrades and have failed to demonstrate rigor- 
ously the connection between changes in a plant’s discharge and changes 
in a stream’s water quality. GAO used its methodology-which includes a 
systematic analysis of four questions to measure the effect of upgrades 
to wastewater-treatment plants-to perform case studies of upgrades 
serving the Pennsylvania communities of Allentown, Hamburg, Lans- 
dale, and Tamaqua. 

L 

R,bsuits in Brief GAO found that two upgrades in its four case studies were effective in 
improving water quality downstream from the upgraded plants. The . 
effect of a third upgrade was detectable but marginal. Although the 
fourth upgrade resulted in substantial decreases in the plant’s pollutant 
discharge, GAO found that water quality failed to improve downstream 
because of offsetting increases in discharges from other plants in the 
vicinity. 

GAO’s Analysis it successfully addressed four questions. 
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Analysis of Plant Effluent 1. Did the upgrade of the sewage-treatment plant decrease the amount 
of pollutants discharged? 

In all four case studies, the volume of pollutants such as suspended 
solids and fecal coliform bacteria discharged from the plants declined 
substantially after the upgrades from the pre-upgrade levels, although 
total wastewater discharge increased significantly at all the sites except 
Tamaqua. Improvements in individual pollution measures ranged from 
28 to 87 percent. At Hamburg, however, pollutant discharge first 
returned to pre-upgrade levels, a few years after the upgrade, and then 
declined. (See pages 14-19,30-31,41-45, and 50.) 

i-- ~~~~ ~ 
SQream Water-Quality 2. Did water quality improve downstream from the treatment plant? 
I+provements 

At Allentown and Tamaqua, significant improvements occurred in sev- 
eral water-quality indicators, primarily in levels of dissolved oxygen 
and nitrogen compounds. At Lansdale, waterquality measures generally 
remained unchanged or deteriorated after the upgrade. Water quality 
improved downstream from the Hamburg plant only slightly; few signif- 
icant improvements were noted. In relation to the volume of the 
receiving stream, discharge was smaller from the Hamburg plant than 
from the three other plants. (See pages 20,34,45-46, and 57.) 

lationship Between Plant 3. Were changes in the plant’s effluent related to changes in stream 
and Stream water-quality indicators? 

yatel’-Quality Indicators In three case studies, GAO found a statistically significant association 
between the discharge from a treatment plant and the water quality at 
the observation point. This relationship was generally stronger at Allen- 

. 

town and Tamaqua, under low-flow conditions and when statistical 
adjustments were made for variations in stream flow levels. At Lans- 
dale, no relationship was found. (See pages 22,36,47, and 58.) 

Cause-and -Effect 4. Can other reasonable explanations of water-quality conditions be 
Relationships excluded? 

The streams to which the Allentown and Lansdale plants discharge also 
receive pollutants from other municipal and industrial sources. GAO com- 
pared the records of all the dischargers and determined that at two loca- 
tions downstream, the effect of the Allentown sewage-treatment plant 
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could be distinguished from the significant influence of other dis- 
chargers. The Lansdale upgrade failed to result in downstream water- 
quality improvements because of simultaneous increases in pollutant 
discharges from other treatment plants. The influence of other dis- 
chargers near Tamaqua and Hamburg was secondary to the effect of 
these treatment plants on water quality in their receiving streams. (See 
pages 27,36-39,47, and 58-59.) 

Recommendation 
perform additional evaluations of upgrades to sewage-treatment plants, 
using available data and methods similar to GAO'S. The purpose of these 
evaluations would be to assess, insofar as possible, the effects of the 
Construction Grants Program on stream water quality. 

I 

Agjency Comments 

, 

i 0 

In the separate volume to this report, GAO reprints and discusses com- 
ments it received from EPA and the U.S. Geological Survey. EPA generally 
agreed with GAO'S methodology and its application to the four case 
studies but said that it is applicable to only a small fraction of all the 
plant upgrades. GAO believes that the methodology could be used for 
more upgrades than this but agrees that the particular data sources and 
statistical methods GAO used in its case studies are not universally appli- 
cable and would have to be supplemented for many cases. However, GAO 
also believes that this consideration does not obviate the need to 
examine the empirical evidence on stream water quality in assessing the 
effects of the Construction Grants Program, particularly where the rele- 
vant data are already available to EPA. 

The U.S. Geological Survey generally agreed with GAO'S concern that 
evaluations be based on empirical evidence and offered some specific 
technical comments on the methodology. 

GAO based appropriate changes to the report on the comments the agen- 
cies provided. 

The four municipalities in which the upgrades GAO analyzed were made 
declined to comment on the report. 
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Chapter 1 

Introduction 

This is the second and final volume of a report on our development of a 
methodology for evaluating the effect of the Construction Grants Pro- 
gram that uses changes in stream water quality as the criterion of effec- 
tiveness. The report was prompted by our concern that no adequate 
stream-based evaluation of the effects of the Construction Grants Pro- 
gram has yet been performed. 

The present report is the first step toward such an evaluation. We devel- 
oped a systematic set of procedures to assess the effect of a wastewater- 
treatment plant upgrade on downstream water quality and applied them 
to four cases of plant upgrades in eastern Pennsylvania. The method- 
ology uses water-quality data and software that are already present in 
the computer system of the U.S. Environmental Protection Agency (EPA) 
and data on plant effluent that are available elsewhere in EPA'S files. 

The first volume of this report, entitled Water Quality: An Evaluation 
Method for the Construction Grants Program-Methodology (GAO/PEMD 
87-4A), defines the requirements for an adequate evaluation, provides 
the details of the various adjustments and statistical techniques we 
applied to the data, and draws conclusions concerning the applicability 
of the method. For methodological considerations, the reader is there- 
fore referred to that volume. That volume also contains our recommen- 
dations to EPA for further research, comments submitted by EPA and the 
Department of the Interior on our draft report, our response to these 
comments, and a bibliography of the relevant literature we consulted 
during our review. 

The present volume presents the results of four case studies of waste- 
water-treatment plant upgrades, studies we performed to test our meth- 
odology. This volume includes four chapters, each one a synopsis of the 
substantive findings of one of the four upgrades, and four appendixes 1, 
containing technical details related to the case studies. For the reader’s 
convenience, foldout pages before the four case-study chapters provide 
profiles of essential information about the plants and maps showing the 
location of each plant, its stream quality observation points, and other 
important geographic features of the area. 

Page 12 GAO/PEMM7-4B Con&rwtion Grante Pmgmau Cam Studlea 



. 

Page 18 



s1atcgkm Sewegelreaaent Plant SswageTreatm 
PIarM 

Sswagelreatmenl 

t 
Western E!Mric 
Corporatkx- 

WCM24 
Both- Sethlehem 

Alhlow~ Profile 

Feature 

NPDES numhsr 
Type of char@ 

ccmruc~n b3gan 
Works in operation 
Plctjscl callpleted 
Cal 
Average flow 

Dischsrga 
Aver&e shean Row 

Data - 
PAW26000 
upgrade to adarced treatment; 

it-crease in cap&y 
June 29. 1976 
Au@ 31, 1979 
Aug.& 31, 1979 
$14 9 milbn 
34 million 9abs per day 
Into the Leh@ Aivsr 
2.308 cubic feet per secmd 

The wastewater-treatment plant in Allentown-a city of approximately 
110,000 in eastern Pennsylvania some 50 miles north of Philadelphia- 
was constructed on the Lehigh River in the late 1920’s and early 1930’s. 
ln 1968, the capacity of the original facility was expanded to 28.5 mil- 
lion gallons per day. In 1976, EPA issued a grant for a further expansion 
of the plant’s capacity and an upgrade to advanced treatment. This 
upgrade included additional pumping stations, settling tanks, and diges- 
ters and new plastic media trickling filters to increase the capacity for 
nitrification and the removal of biochemical oxygen demand. Nitrifka- 
tion, the conversion of ammonia to nitrites and nitrates, is the advanced 
waste treatment component of the Allentown sewage-treatment plant. 
The plant’s location and essential information about the plant are shown 
in the map and profile in foldout f@re 2.1 S 

Did the Upgrade 
Decrease the Amount 
of Pollutants 
Discharged? 

The discharge monitoring reports we reviewed from the Allentown plant 
covered the period January 1976 through August 1984. They reported 
monthly average levels of flow, DOD,, total suspended solids, fecal 
coliform bacteria, and ammonia. Unfortunately, ammonia levels were 
reported only after May 1980 and, therefore, no direct comparison with 
pre-upgrade levels of ammonia can be made. 

Our analysis of the Allentown data suggested a transition between the 
pre-upgrade and postupgrade periods starting approximately in January 
1978. It appears that in 1978, a slight downtrend in pollutant discharge 
may have been partially related to upgrade activities. During 1979, the 
plant apparently failed to report effluent characteristics other than 
flow. 

Ekcause of this information gap and the possibility that the upgrade 
may have had some effects prior to the September 1979 completion date 
given in the grants information control system (GICS), we used two de% 
nitions of the pre-upgrade period in our analyses. We compared average 
effluent levels after September 1979 with the two earlier periods of Jan- 
uary 1976 through December 1977 and January 1976 through August 
107Q 



c-P*2 
Allentown Smmgelhdanent Plant 
-MY 
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The effect of upgrading the Allentown sewage-treatment plant is evi- 
dent from figure 2.2, which presents annual mean loadings and concen- . 
trations of effluent from the plant. While effluent flow increased 
slightly in the postupgrade period, the level of monitored pollutants 
dropped sharply. Total suspended solids and ROD, dropped to less than 
half their previous levels, and fecal coliform bacteria averaged approxi- 
mately 10 percent of earlier levels. The unfortunate lack of pre-upgrade 
readings for ammonia precludes a precise estimate of the change in this 
variable, but it seems safe to assume some sizable decrease in ammonia 
discharge, in view of the positive correlation of ammonia with other pol- 
lutants, since a primary purpose of the Allentown upgrade was to add 
nitrification processes in order to meet more stringent ammonia-reduc- 
tion standards set by the Pennsylvania Department of Environmental 
Resources. 
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Flgure 2.2 continued 
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Figure 2.2 contlnued 
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Flgura( 2.2 continued 

Fecal CoIlform Eacterla 

299 No. Per 100 Milliliters 

150 

100 

1975 1977 1975 1979a 1990 1991 1992 1993 1904 

aNot available. 

l 

Page 18 GAO/F+EMD87-4B Construction Grants Pmgram Case Studies 

” .o 



Fl&e 2.2 contlnuod 
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The alternative definitions of the pre-upgrade period offer somewhat 
different estimates of the effectiveness of the plant modifications. 
Excluding the transitional period would mean a greater drop in total 
suspended solids and BOD, but would diminish the estimated decrease in 
fecal coliform bacteria levels. Regardless of the exact assignment of a 
completion date, however, it is clear that the modifications to the Allen- 
town plant significantly decreased the amount of pollutant it discharged 
into the Lehigh River. 
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Di(l Water Quality To find out whether downstream water quality improved, we compared 

Improve Downstream 
postupgrade levels of stream dissolved oxygen deficit, BOD,, ammonia, 
nitrite, and nitrate with levels from both pre-upgrade periods. We made 

From the Plant? these comparisons for the readings at the two monitoring stations down- 
stream from the Allentown plant-WQN124, about 6-l/2 miles down- 
stream, and WQN123, about 17 miles downstream-and at the upstream 
monitoring station- WQN126, about 16-l/2 miles upstream. Using both 
nonadjusted and flow-adjusted data, we compared mean pollutant levels 
at the stations. We also stratified the data into two additional low-flow 
subsets: observations taken when flow readings were in the lower half 
and in the lowest quartile of all flow readings at the monitoring stations. 
(The detailed results of these analyses are in tables 1.3-1.8.) 

ii 

In general, it appears that water quality downstream from the Allen- 
town plant improved significantly in the 6 years after the completion of 
the upgrade. In the rest of this section, we discuss the changes in dis- 
solved oxygen, BOD,, ammonia, nitrite, and nitrate. 

Jolved Oxygen Average dissolved oxygen deficit at WQN124 decreased from 7 percent -- 
before 1978 to approximately zero after the upgrade completion. Even 
after the upgrade, however, the dissolved oxygen readings at WQN123 
average 6 percent below saturation. Flow adjustment tends to increase 
the estimate of effective change in dissolved oxygen. 

Improvements in dissolved oxygen levels are more noticeable under low- 
flow conditions. At WQN124, there was an average 16-percent improve- 
ment in readings taken during the lowest flow conditions. At WQN 123, 
dissolved oxygen readings improved 16 percent. 

The differenced dissolved oxygen data express dissolved oxygen levels b 
downstream in relation to upstream conditions. Before the upgrade, the 
levels at WQN124 were, on the average, 2 percent worse than upstream; 
after the upgrade, they were, on the average, 3 percent better. The 
improvement at WQN123 was similar. Although the readings at this sta- 
tion remained higher than upstream, they improved from 9 percent 
higher than upstream to only 3 percent higher. Since no statistically sig- 
nificant flow-adjustment model could be developed for dissolved oxygen 
at WQN126, flow-adjusted differenced data are not available. 

Average BOD, levels recorded at WQN124 decreased some 36 percent in 
the postupgrade period. The flow-adjusted estimate of decrease is 
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slightly larger. At WQN123, the BOD, decrease is even clearer, because 
of both a greater absolute decrease and a smaller variation in readings 
within the time periods. At both downstream stations, flow adjustment 
tends to give a greater estimated decrease in BOD, levels. 

An examination of differenced BOD, data reveals that during the pre- 
upgrade period, BOD, levels at both WQN124 and WQN123 were sub- 
stantially higher than upstream levels. After the Allentown upgrade, 
BOD, levels decreased to levels lower than those above the plant. The 
downstream improvement is compounded by a simultaneous deteriora- 
tion in water quality upstream. As would be expected, the relative 
improvement in BOD, is most visible during low-flow conditions. 

A+monia 

, 

The change in the concentration of ammonia at WQN124 from the pre- 
transition to the postupgrade period is less than statistically significant, 
although it is in the preferred direction. However, when flow-adjust- 
ment techniques are applied to the raw data, a significant change 
appears. Further downstream, at WQN123, the decrease in ammonia 
levels is clearly visible, even without flow adjustment, but is heightened 
when the flow-adjustment models are applied. After the upgrade, raw 
ammonia levels at lowest flow averaged less than one third of the levels 
prior to 1978. 

Differencing the ammonia data has much the same effect as making 
flow adjustments. Because the upstream ammonia concentrations more 
than doubled from the pre-1978 period to the postupgrade period, the 
modest 0.06 mgl decrease in average ammonia levels at WQN124 results 
in readings that improve from substantially worse to slightly better than 
those further upstream. At WQN123, postupgrade ammonia readings 
remain higher than those upstream but drop when adjusted for flow. b 

Nitrite and Nitrate The concentration levels of nitrite and nitrate at WQN124 did not 
change substantially, despite the tendency of nitrite to decrease and 
nitrate to increase. Adjusting these concentrations for flow results in an 
estimate of significant decrease in the levels of both nitrogen com- 
pounds. At WQN123, their levels are generally higher than at WQN124. 
The tendency of nitrite to decrease at WQN124 is also observable at 
WQN123 and is sharpened by flow-adjustment procedures. Making flow 
adjustments for the nitrate data also eliminates the apparent upward 
tendency. 
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When nitrite and nitrate data are compared with upstream levels 
through differencing, it becomes clear that these compounds had levels 
substantially higher downstream than up. The change over time in their 
relative values, however, appears to come mostly from upstream 
changes. Both nitrite and nitrate at WQN126 were significantly lower 
during the postupgrade period. For this reason, the tendency of nitrite 
to decrease downstream over time is largely invisible in differenced 
data, and the upward tendency of nitrate is accentuated by differencing. 

Summary A clear improvement occurred at both monitoring stations in the Lehigh 
River downstream from the Allentown sewage-treatment plant after the 
upgrade wils completed. The levels of dissolved oxygen deficit, BOD,, 
ammonia, nitrite, and nitrate were lower after the upgrade. Throughout 
the period of observation, water quality as defined by these constituents 
was better at WQN124, the closer downstream station, but the improve- 
ment at WQN123 was somewhat greater. In general, flow-adjustment 
procedures improved our ability to discern this change. Readings at 
WQN124 improved to the extent that postupgrade water quality, as 
measured by dissolved oxygen, BOD,, or ammonia, was as good as or 
better than it was upstream. Differenced data on ammonia, nitrite, and 
nitrate, the three byproducts of nitrification, may be somewhat mis- 
leading in this case, since there were significant changes in the upstream 
concentration of these parameters. Upstream ammonia levels increased 
substantially during the postupgrade period, while nitrite and nitrate 
decreased, 

Were Changes in the When the postupgrade improvement in water quality downstream from 

Effluent Related to 
the Allentown sewage-treatment plant is combined with the demon- 
strated decrease in pollutant discharge from the plant, a causal link . 

ream Water-Quality between the upgrade and the improvement is strongly suggested. How- 
ever, the causal link cannot be confirmed without first demonstrating an 
unequivocal connection between the plant’s effluent and water quality 
at the downstream monitoring stations and then demonstrating that 
other explanations of the stream changes are implausible. In the rest of 
this section, we discuss the statistical correlation between the plant’s 
effluent and the levels of related waterquality parameters in the 
stream. We discuss alternative explanations in the section following this 
one. (The results of our computation of correlation coefficients for the 
association between each of the effluent parameters recorded on the 
Allentown discharge monitoring reports and the waterquality parame 
ters downstream are given in tables 1.9-1.16.) 
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Strb3.m Correlates of 
Effluent BOD, and 
Suspended Solids 

BOD, and suspended solids discharged from the plant are moderately 
associated (0.10-0.64) with levels of dissolved oxygen and ammonia in 
the Lehigh River. The relationship between effluent BOD, and sus- 
pended solids and all nonadjusted stream readings is generally stronger 
downstream at WQN123 than at WQN124. It is clearer after making 
flow adjustments and at low-flow levels. Even at its strongest, however, 
the relationship is only moderate. For example, the correlation between 
stream ammonia and effluent BOD, at low flow (in the lowest quartile) 
is 0.64. The common interpretation of this statistic would be that 41 per- 
cent (the square of 0.64) of the variation in downstream ammonia is 
explainable by variations in effluent BOD,. 

St&am Correlates of 
Effluent Ammonia 

There is a strong association (0.77-0.94) between ammonia effluent from 
the Allentown plant and stream concentrations of ammonia 6-l/2 miles 
downstream at WQN124. Under low-flow conditions, nearly 90 percent 
of the stream ammonia variations can be explained by the variance in 
discharged ammonia. There are also moderate correlations (0.61-0.68) 
between effluent ammonia and the concentration of BOD, at WQN124. 
These relationships are most clearly reflected in low-flow readings. The 
relationship between ammonia effluent and stream ammonia at 
WQN123 is weaker (0.30-0.66) but statistically significant. Further 
downstream, the variance in ammonia effluent accounts for only 23 per- 
cent of the variance in the stream ammonia. There is a stronger relation- 
ship, however, between ammonia effluent, dissolved oxygen, and nitrate 
at WQN123 than at WQN124 further upstream. 

Making flow adjustments for stream data tends to reduce the correlation 
between effluent ammonia and nearly all stream measures at both 
downstream stations. The correlation between effluent and stream 
ammonia at WQN124 is reduced to the 0.6-0.7 range by making flow 
adjustments (where flow-adjustment models were available). The effect 
of adjusting for flow is not as dramatic further downstream. The esti- 
mate of association between effluent and stream ammonia is decreased, 
while the weak positive correlation (0.16) of effluent ammonia and 
stream nitrite (at full flow) changes to a negative relationship. 

Differencing the stream data also affects the estimate of association 
between effluent ammonia and stream water quality. The correlation 
with stream BOD, at WQN124 is strengthened to the extent that more 
than 90 percent of the variance in BOD, at low flow can be accounted 
for by variance in effluent ammonia. Differencing diminishes the corre- 
lation between effluent and stream ammonia to substantially lower 
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Upstream Changes and 
Differencing 

levels than are found with absolute stream measures, and when stream 
ammonia levels are adjusted for flow and differenced, the correlation is 
not significantly different from zero. 

These anomalous results are, at least in part, an artifact of the differ- 
encing process. Ammonia levels at WQN125, whose readings provide a 
baseline for differencing, increased significantly after 1979, while 
nitrite and nitrate nitrogen levels decreased. Because of these changes in 
the baseline conditions, variations in differenced downstream readings 
of ammonia, nitrite, and nitrate are reflective more of upstream than of 
downstream changes. It is not surprising that they correlate only weakly 
with the plant’s effluent. Upstream levels of DOD, do not change signifi- 
cantly, which may explain why differencing the BOD, data tends to 
heighten rather than depress their correlation with the plant’s effluent. 

Flow-adjusted ammonia, nitrite, and nitrate readings may also distort 
the relationship between effluent and stream water quality. Our flow- 
adjustment models were developed to fit the stream data extending back 
to 1972. Unfortunately, ammonia effluent from the Allentown plant was 
recorded only for the postupgrade period and, consequently, a correla- 
tion between effluent and stream data is restricted to this period. (For 
BOD, effluent, however, we have records from 1976 to the present.) We 
have assumed that the levels of ammonia discharged during the postup 
grade period represent a substantial decrease from previous levels. This 
change in what appears to be a major contributor to stream ammonia 
may have affected the relationship between stream flow and ammonia. 
A model fitted to data from both periods may be inadequate when its 
use is restricted to the later period. 

As we have reported above, ammonia levels at WQN 126, the monitoring 
station 16-l/2 miles upstream from the Allentown plant, increased sig- 
nificantly during the period that we studied, and the nitrite and nitrate 
levels decreased. While it was not the primary target of this case study, 
we felt some attempt should be made to find an explanation for these 
changes. One hypothesis that we explored was that a treatment plant we 
identified fairly close to WQN126, at Slatington, had increased its 
effluent discharge and thus degraded upstream water quality. We col- 
lected the available discharge monitoring report data for the plant, all of 
which were from the post-upgrade period, and correlated the data with 
stream concentrations at WQN126. We found no significant positive cor- 
relations between the two sets of data and concluded that the changes at 
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WQN126 could not be ascribed to the Slatington plant’s effluent on the 
basis of this evidence. 

We asked Pennsylvania Department of Environmental Resources 
regional staff, whose area of responsibility includes Allentown, if they 
could suggest any explanation of water quality changes upstream from 
Allentown. They were unable to suggest any point source with increased 
ammonia discharges after 1979 to explain the phenomenon. One official 
recalled that some construction work on the bridge over the Lehigh 
River, from which the WQN126 water samples were taken, had been 
done about 1979. The construction included erecting a chain link fence 
along the sides of the bridge. Since this made sampling from the center 
of the span impractical, samples were now taken closer to the riverbank 
than they had been before. It is possible, therefore, that the changes 
noted in ammonia, nitrite, and nitrate in the WQN126 records are simply 
an artifact of a small but significant change in sampling location and do 
not reflect actual changes in stream conditions. If they are, differencing 
the downstream data would be inappropriate. 

Even if changes recorded at WQNl26 accurately represent stream condi- 
tions, upstream ammonia levels may not provide a valid baseline for 
downstream ammonia, since any decrease in ammonia downstream 
could be the result of the natural nitrification of ammonia as it moves 
between the monitoring stations as well as the result of decreases in 
effluent ammonia from intervening point sources. Upstream ammonia 
increases may be better reflected in downstream increases in nitrite or 
nitrate, the byproducts of the stream’s assimilation of ammonia through 
biochemical processes. 

We identified a significant correlation between effluent BOD, and b 
ammonia loadings from the Allentown sewage-treatment plant to stream 
water quality at two downstream monitoring stations. Effluent ammonia 
appears to be more strongly related to nitrogen compounds at the closer 
station while effluent BOD, is more closely associated with water 
quality further downstream. Differencing and flow-adjustment proce- 
dures diminish the estimates of association between effluent ammonia 
and stream nitrogen. We suggested that this is a statistical artifact of 
the data limitations in this case or of changes in the upstream sampling 
location or both and the result of stream nitrification. 

Page 25 GAO/PEMD437-4B Construction Gmnta Program Caee Studies 



chapter 2 
Allentown Sewag+Tbatment Pl8nt 
Cue Study 

C~$I Other Reasonable Before changes observed in water quality in the Lehigh River down- 

Ex@mations of Water- 
stream from Allentown can be attributed to the upgrade of the Allen- 
town plant, the likelihood that they are attributable to changes in 

Quality Conditions Be discharge at other point sources must be excluded. For this reason, we 

Excluded? examined all the available records of licensed dischargers into the 
Lehigh River between WQNl26, the upstream monitoring station, and 
WQN124 downstream. We discovered that the Allentown plant contrib- 
uted more than 86 percent of all the BOD, and ammonia discharged by 
licensed point sources into the river. Compared to Allentown, the influ- 
ence of these pollutants from other dischargers at WQN124 must be con- 
sidered negligible. 

We did not collect discharge monitoring data for all the point sources EPA 

identified between WQN124 and WQNl23. However, we were able to 
obtain these data for the Bethlehem sewage-treatment plant, the major, 
relevant, municipal discharger below WQN124, whose effluent enters 
the Lehigh River some 9-l/2 miles upstream from WQN123. Bethlehem 
received a $3.8 million grant under the 1966 Federal Water Pollution 
Control Act (Public Law 84-660) to expand and upgrade its secondary 
treatment plant. According to GIGS, the project was completed in April 
1980. Because of the plant’s proximity to WQN123 and the consequent 
possibility of the Allentown upgrade’s effects being confounded with 
those from Bethlehem, we examined changes in the Bethlehem effluent 
during the pre-upgrade and postupgrade periods that we defined for 
Allentown. 

Pollutant discharged in the form of suspended solids, BOD,, and 
ammonia from the Bethlehem plant declined approximately 60 percent 
between the pre-1978 period and the postupgrade period. Therefore, it 
appears that at least some of the improvement in water quality at 
WQN123 is attributable to the Bethlehem upgrade. . 

One of the few major sources of effluent ammonia other than sewage- 
treatment plants is in the coking process and blast furnace operations 
associated with steel production. Bethlehem Steel Corporation is the 
second largest discharger of ammonia, after the Allentown sewage-treat- 
ment plant, into a 40-mile stretch of the Lehigh River. Bethlehem Steel 
operates a coking plant located between WQN124 and WQN123 that dis- 
charged an average of 636 kilograms of ammonia per day from October 
1980 through November 1984. We used multiple regression analysis to 
clarify the relative influence of sewage treatment at the Allentown plant 
and the Bethlehem plant and steel production at Bethlehem Steel. We 
regressed stream dissolved oxygen deficit, BOD,, ammonia, nitrite, and 
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nitrate readings on the BOD, and ammonia discharge monitoring data 
from each plant and the ammonia readings from Bethlehem Steel. (The 
detailed results are in tables I. 17 - I. 19.) 

These analyses indicated that the effluent from all three sources affect 
water quality at WQN123. The extent and form of the influence vary 
across the dimensions of pollution analyzed. The Allentown plant, in 
particular its ammonia effluent, appears to be the most consistently 
associated with downstream pollution. The influence of ammonia dis- 
charged from Bethlehem Steel appears to be reflected in nitrite levels at 
WQN123. All three point sources appear to affect downstream BOD, 
levels. 

The data we used for these regressions are all from the period following 
the Allentown and Bethlehem plant upgrades. In all likelihood, the rela- 
tive influence of these dischargers was substantially different before the 
discharge reduction resulting from the upgrades. If we assume an 
ammonia reduction at the Allentown plant comparable to that at the 
Bethlehem plant, and a stable level of ammonia discharge at Bethlehem 
Steel, we may infer that before 1979 the ammonia from industrial waste 
was a less significant polluter of the river than ammonia from either of 
the wastewater-treatment plants. Under these assumptions, ammonia 
discharged from Bethlehem Steel prior to the two upgrades contributed 
22 percent, on the average, to the total from all three sources. After the 
upgrade, the industrial discharge averaged 36 percent. 

In summary, our comparison of the relative amount of pollutants dis- 
charged from point sources other than Allentown indicates that the 
changes in stream water quality downstream from the Allentown plant 
at WQN124 cannot logically be attributed to any other point source. The 
water-quality improvement further downstream at WQN123 appears to 1, 

be a function of changes at both the Allentown and Bethlehem plants. 
The influence of effluent ammonia from Bethlehem Steel’s coking plant 
is also discernible at WQN123. Additional influences at WQN123 cannot 
be ruled out. 

As with all four case studies, our interest in the Allentown sewage-treat- 
ment plant was both substantive and methodological. We attempted to 
demonstrate, within the constraints of available data, the extent to 
which the investment of nearly $16 million of Construction Grants Pro- 
gram funds improved water quality in the Lehigh River. At the same 
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time, we explored various methods of controlling potentially con- 
founding hydrologic factors and competing explanations. 

We demonstrated substantively that the upgrade at Allentown resulted 
in a substantial decrease in the amount of pollutant discharged into the 
Lehigh River, despite an increase in total effluent. Unfortunately, we 
have no direct evidence of a decrease in ammonia discharge and were 
forced to infer it. We demonstrated a decrease in dissolved oxygen def- 
icit, ROD,, and ammonia at two monitoring stations, one 6-l/2 and the 
other 17 miles downstream, after the upgrade was completed. We 
showed that changes in the Allentown plant were related to changes at 
these two stations and that the Allentown plant was overwhelmingly 
the largest point source of these contaminants at the nearer station. We 
also presented evidence that the improvement in water quality further 
downstream was in part a function of upgrades at the Allentown plant 
and at the Bethlehem plant downstream from Allentown and that indus- 
trial discharge contributed significantly to downstream pollution. 

The results of this case study have implications for the analytic method- 
ology we applied to the data. Most importantly, it appears that data 
from three independent EPA data bases (discharge monitoring reports, 
GIGS, and SIDRET) can be merged to provide reliable data concerning the 
timing of plant modifications, and the consequent changes in plant 
effluent, and to test for the effect of these changes on downstream 
water quality. 

Our analysis also suggests that this general conclusion requires qualifi- 
cation and that some refinements to our methodology may be necessary. 

1, Appropriate discharge monitoring data are not always available. 
Because Allentown, unlike the Bethlehem plant, was not required to . 
report ammonia levels in its effluent until after its upgrade was com- 
pleted, it is not possible to estimate the effectiveness of the upgrade in 
reducing the discharge of this pollutant. This data gap probably also 
affected the sensitivity of our analysis in attempting to relate the plant’s 
effluent with stream water quality. 

2. The project completion date supplied by GIGS may not be the best esti- 
mate of the time of the upgrade’s effect. We provided an alternative 
computation of pre-upgrade levels by excluding an l&month transition 
period prior to the GIGS date. However, this alternative estimate did not 
substantially affect our conclusions. 
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3. Data differencing can be helpful in screening out background pollu- 
tion. It may also distort the analysis, if significant changes occur in the 
upstream baseline during the period being studied. In the case of Allen- 
town, differencing appeared to clarify the effects of the upgrade on dis- 
solved oxygen and BOD,, since there were no significant upstream 
changes in these parameters. However, the substantial upstream 
changes in ammonia, nitrite, and nitrate and the natural nitrification 
process in the stream between upstream and downstream monitoring 
stations probably resulted in an overestimate of ammonia changes and 
an underestimate of nitrite and nitrate changes downstream. Before 
relying exclusively on differenced data, an analyst must examine the 
baseline data and identify the source of changes resulting from 
differencing. 

4. Flow-adjustment procedures appear to have successfully reduced the 
variation in stream readings attributable to variations in flow. Never- 
theless, significant flow-adjustment models could not be found for some 
parameters. Furthermore, flow adjustment can have some negative 
effects if the relationship between effluent, stream flow, and stream 
concentration is fundamentally altered by a dramatic change in effluent, 
such as may result from an upgrade. 
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Tamaqua $kwage%atment Plant Case Study 

Tamaqua is a borough of approximately 9,990 persons in a heavily 
stripmined area some 49 miles northwest of Allentown. Our analysis of 
the effect of the upgrade at the Tamaqua sewagetreatment plant on the 
quality of water in the Little Schuylkill River downstream from the 
plant differed from our analysis in the Allentown case study in three 
respects. First, water-quality data were available from only one station, 
WQN119, about 2-l/2 miles downstream at South Tamaqua. We were 
not able to compute differenced data to control for other upstream 
sources. Second, rather than using the flow measures from the moni- 
toring station as a source of stream flow data, we used flow data taken 
from a U.S. Geological Survey gauging station upstream from the plant 
and the monitoring station. We did this because flow data reported at 
the monitoring station were much less complete than-and highly corre- 
lated with-those from the gauging station, Third, because of our 
experience with analyzing the Allentown effluent data, we did not per- 
form separate analyses for two different preupgrade periods. The 
nature of the Tamaqua upgrade suggested a much shorter transition 
period. The plant’s location and essential information about the plant 
are shown in the map and profile in foldout figure 3.1. 

Did the Upgrade The modifications to the Tamaqua plant consisted of a standard upgrade 

Decrease the Amount 
from primary to secondary treatment. When we dichotomized the dis- 
charge monitoring data from Tamaqua into two sets of data before and 

of Pollutants after the June 1981 upgrade date furnished by GIGS, we were not able to 

Discharged? detect substantial decreases in polhkmt loading from the plant In veri- 
fying the upgrade date with the plant’s operator, we discovered that the 
plant had been upgraded from primary to secondary treatment more 
than 4 years before the GIGS date, which apparently represents the date 
of final inspection by the U.S. Army Corps of Engineers. In fact, waste 
first entered the secondary treatment stage at Tamaqua in January 
1977, and the upgrade was considered nearly complete by the contractor 
and the municipality in April 1977. These data are supported by a 
review of the discharge monitoring reports and suggest that June 1977 
is an appropriate demarcation date for evaluating postupgrade effects. 
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Treatment Plant Effluent Data 197594 
(Annual Means) Flow 
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As figure 3.2 indicates, the effect of increasing treatment levels at the 
plant was dramatic. After the upgrade to secondary treatment, the mean 
amount of suspended solids discharged was reduced to nearly one 
quarter of the pre-upgrade levels, BOD, levels fell to 20 percent of ear- 
lier levels, and fecal coliform bacteria counts were cut by more than 
half. Although wastewater flow also decreased after the upgrade, the 
decline is insufficient to account for the drop in pollutant loadings, 
which we ascribe to increased treatment efficiency after the upgrade. 
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Flg*e 3.2 continued 
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Flgure 3.2 continued 
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Flgljre 3.2 continued 
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Djd Water Quality Stream water quality as measured by all the parameters we analyzed 

Imprdve Downstream 
improved after the upgrade. Dissolved oxygen approximated saturation, 
while ammonia, nitrite, and nitrate decreased. The effect of making flow 

the Plant? adjustments on the data accentuated these changes. (Mean water- 
quality values for the periods before and after the upgrade are in tables . 

II.3 and 11.4.) 

As would be expected, the stream changes were greater under low-flow 
conditions, Unadjusted dissolved oxygen levels improved from 81 per- 
cent to 97 percent of saturation during low flow (stated conversely, dis- 
solved oxygen deficit dropped from 19 percent to 3 percent), and 
ammonia concentrations decreased 42 percent. Once again, flow-adjust- 
ment procedures accentuated the water-quality improvements. 
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ulliwL~c3 111 de 
mrluent Related to 
Stream Water-Quality 
Indicators? 

The amount of pollutants discharged into the Little Schuylkill River 
from the Tamaqua sewage-treatment plant decreased dramatically after 
the plant was upgraded to secondary treatment. As measured by dis- 
solved oxygen, ammonia, nitrite, and nitrate, water quality improved 
after 1977. Before attributing the improvement to the upgrade, we 
examined the extent to which water-quality changes as measured by 
monthly observations recorded in STDRET could be associated with 
effluent records in the discharge-monitoring reports. (The associations 
between reported monthly average effluent from the plant and the 
stream readings taken at WQNll9, expressed as correlation coefficients, 
are shown in tables II.6 and 11.6.) 

Several observations on the correlations are of interest. First, the rela- 
tionship between the plant’s effluent and unadjusted stream readings 
are moderate at best (the largest correlation coefficient is 0.64), particu- 
larly when readings taken during all flow conditions are pooled. The 
association represented by these coefficients can be expressed as the 
percentage of variance explained in the stream readings by the dis- 
charge monitoring data. This association is represented by the square of 
the correlation coefficient. Bivariate associations calculated in this 
manner range from a trivial (and statistically nonsignificant) 0.01 per- 
cent for effluent BOD, and stream ammonia under all flow conditions to 
a moderate 10.2 percent for effluent suspended solids and stream 
nitrate. 

Second, the relationship between plant effluent and stream quality is 
more clearly visible under low-flow conditions. For example, the associ- 
ation between stream dissolved oxygen and effluent suspended solids is 
only 1 percent when all observations are used. It rises to 13.7 percent 
under low-flow conditions. 

Third, flow-Nustment procedures appear to have been very effective 
in improving our ability to discern the relationship of effluent and 
stream quality. Nearly 46 percent of the variance in flow-adjusted dis- 
solved oxygen readings taken at WQN 119 under low-flow conditions can 
be explained by taking into account the amount of wastewater dis- 
charged from the Tamaqua plant. This represents an 1 l-percent increase 
over the unadjusted readings. 

Finally, it may be possible to detect natural nitrification in process from 
the correlation matrixes. Under natural conditions, ammonia discharged 
into a stream uses stream dissolved oxygen for the conversion into 
nitrites and nitrates. Low-flow conditions and concomitant low levels of 
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dissolved oxygen retard the oxidation. This may be reflected in the pat- 
terns of relationships between plant effluent and the ammonia, nitrite, 
and nitrate readings. Under all flow conditions, no significant relation- 
ship exists between effluent (total flow, BOD,, or suspended solids) and 
stream ammonia levels. Effluent is, however, moderately correlated 
with nitrite and nitrate. Flow adjustment generally strengthens these 
relationships by removing the flow-related variations. 

When we examine the data obtained during low-flow conditions, the 
pattern is reversed. At low flow, there is little relationship between 
effluent and stream nitrite and nitrate, but the association of stream 
ammonia with plant discharge increases to between 18 and 22 percent. 
This may be explained by the decreased ability of the stream, under con- 
ditions of low flow and depressed dissolved oxygen, either to dilute the 
ammonia contained in the effluent or to convert it to nitrite and nitrate. 

In summary, by correlating the plant effluent data and water-quality 
measurements, we have been able to establish a moderate association 
between the two. The amount and quality of waste discharged from the 
Tamaqua sewage-treatment plant appears to have a discernible relation- 
ship with water quality some 2-l/2 miles downstream, particularly 
under low-flow conditions. However, without the use of flow-adjust- 
ment procedures, this relationship would be substantially understated. 

- C$n Other Reasonable 
Ekplqnations of Water- 

Tamaqua plant after the upgrade and a significant improvement in 

Qbality Conditions Be 
water quality in the Little Schuylkill River. We have demonstrated a sta- 
tistically significant association between effluent and stream water 

Egcluded? quality. However, this association does not explain all the variation in 
water quality downstream from the plant. One reason is that the two . 

sets of data are not parallel: the discharge monitoring data provide the 
averages of readings taken on multiple occasions during a month, but 
the stream readings are taken only once a month and, hence, reflect 
some indeterminate influence from conditions that are representative 
not of that month’s water quality but of conditions unique to the time 
when the readings were taken. Given these circumstances, it ls not sur- 
prising that we have been able to explain only a moderate amount of the 
water-quality variation through these correlations. 

In examining whether the changes in water quality could also-or 
better-be explained from the influence of other point sources, we iden- 
tified only one as a potential influence on water quality at WQNl 19: the 
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Coaldale-Lansford sewage-treatment plant, approximately 6 stream 
miles from the Tamaqua plant, up Panther Creek, a tributary of the 
Little Schuylkill River, and some 8 miles from WQNl19. We examined 
the discharge monitoring reports from Coaldale-Lansford for 1976-84. 
(Table II.7 presents the effluent history of the plant for this period.) The 
BOD, and suspended solids discharged from Coaldale-Lansford and 
Tamaqua are compared in figure 3.3. 

Flgufo 3.3: Annual Moan DOD, and 
8ur~nd.d SolId, Load rt the 
Tam 
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Coaldale-Lansford averaged slightly smaller flows than Tamaqua during 
this period. To some extent, the changes at Coaldale-Lansford mirrored 
those at Tamaqua, but they lacked the precipitous drop from the pri- 
mary treatment levels at Tamaqua. Nevertheless, Coaldale-Lansford 
experienced a statistically significant decrease in BCD, and fecal 
coliform bacteria in the postupgrade period. The relative stability of 
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Coaldale-Lansford’s effluent history, compared with that of Tamaqua, 
indicates that the improvement in the Little Schuylkill River stems more 
from the changes at Tamaqua. 

We attempted to confirm this hypothesis by regressing dissolved oxygen 
and ammonia levels at WQN 119 on the effluent records from both 
plants. We constructed a number of regression models, using various 
combinations of the four time series (flow, BOD,, suspended solids, and 
fecal coliform bacteria) from each of the two plants. (The results from 
our final models are presented in table 11.8.) Models other than the 
three-predictor model we used (BOD, effluent from Tamaqua and sus- 
pended solids and BOD, from Coaldale-Lansford) have greater predic- 
tive power (explaining as much as 80 percent of the variance in stream 
readings), but we believe that more complex models can be misleading 
because of multicollinearity or for other technical reasons, such as a 
decrease in sample size caused by compounding data gaps.* 

The association between effluent and stream data is difficult to discern 
when all flow conditions are considered and when the stream data are 
not adjusted for flow. Our full-flow models had little or no predictive 
power. However, when we examined flow-adjusted readings taken 
under low-flow conditions, the combined predictive effect of BOD, from 
Tamaqua and suspended solids BOD, from Coaldale-Lansford accounted 
for nearly half the variance in dissolved oxygen readings at WQNll9 
and nearly 40 percent of its ammonia readings. 

Some estimate of the relative influence of the different effluent parame- 
ters can be formed by comparing the size of the beta weights within 
each regression model. It appears that Tamaqua’s effluent had more 
influence than Coaldale-Lansford’s on the dissolved oxygen level at 
WQNll9 but that ammonia levels, particularly under low-flow condi- b 
tions, are better explained by Coaldale-Lansford. 

This modeling exercise reinforces the importance of using flow-adjust- 
ment techniques. For some parameters, the use of unadjusted data 
implies an inverse relationship between suspended solids from Coaldale- 
Lansford and ammonia in the river. In other words, the higher the level 
of suspended solids, the lower the stream ammonia. Clearly, this does 
not imply a causal connection. Rather, the relationship is explained by a 
third variable: flow. In months with high average flow, the ability of the 

‘Entering highly intercorrelated predictor variables into a regression model can lead to uninterpret- 
able results. The intercwrelation is termed “multicollinearity.” 
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receiving stream to dilute a constituent is greater and the stream con- 
centration of that constituent is diminished. Making flow adjustments 
for the data effectively eliminates the misleading negative correlation 
between effluent and stream concentration, caused by the dependence 
of concentration on flow, and succeeds in highlighting the explanatory 
contribution of Coaldale-Lansford’s effluent to stream ammonia levels at 
WQNllQ. 

secondary treatment resulted in a dramatic decline in the level of pollut- 
ants discharged into the Little Schuylkill River. The upgrade was fol- 
lowed by a significant improvement in downstream water quality that 
appears to be related to effluent from Tamaqua. We inferred from our 
examination of effluent records from the nearby Coaldale-Lansford 
sewage-treatment plant that the improvements in dissolved oxygen 
noted at our measuring location were more likely to be the effect of 
changes at Tamaqua than at Coaldale-Lansford but that ammonia levels 
were more strongly affected by the latter treatment plant. 

The influence of both point sources is clearly visible only under low- 
flow conditions. We were able to establish this relationship without 
upstream data to use as the basis for data differencing. However, flow- 
adjustment procedures were essential to our ability to demonstrate the 
connection between the Tamaqua upgrade and stream water quality. 

In conclusion, it should be noted that effluent from wastewater treat- 
ment has not been the major source of water-quality problems in the 
Little Schuylkill River-not, at least, after the upgrade at Tamaqua was 
completed. The river has suffered from low pH levels and high sulfate 
concentrations, which are almost certainly associated with acid mine 1 
drainage from the strip mines in the area. During the past 20 years, pH 
levels have increased gradually, so that the river is now suitable for 
trout stocking. This improvement is presumably from a decrease in 
mining activity. 

The methodology we applied to this case cannot address the stream 
improvement from lowered levels of acid mine drainage, except insofar 
as this nonpoint source is a function of stream flow and can be con- 
trolled by means of making flow adjustments. It is likely that the partic- 
ular effectiveness of making flow ac(iustments in clarifying the 
relationship between effluent and water quality is a function of the 
importance of nonpoint-source pollution in the Little Schuylkill River. 
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The Hamburg sewage-treatment plant discharges into the Schuylkill 
River approximately 6 miles downstream from the confhrence of the 
West Branch Schuylkill River and the Little Schuylkill River. The 
facility receives 50 percent of its influent from industrial customers. A 
high percentage of this is from Mid-Atlantic Canners Association, a bev- 
erage canner whose d&charge of sugar-laden wastewater to the plant 
varies seasonally. Several foundries and a dye manufacturer also dis- 
charge to the Hamburg plant. The plant’s location and essential informa- 
tion about the plant are shown in the map and profile in foldout figure 
4.1. 

Beginning in 1975, construction upgraded the Hamburg plant from pri- 
mary to secondary treatment. The upgrade consisted of using the 
existing primary tanks as secondary settling tanks and adding new pri- 
mary tanks, aeration tanks, mechanical aerators, and a laboratory. 
Unlike the Allentown and Tamaqua upgrades, the Hamburg upgrade 
was not intended to, nor did it, increase plant capacity, which remained 
at 1 .O million gallons per day. The modifications were designed to enable 
the sewage-treatment plant to remove 90 percent of the BOD, and sus- 
pended solids from the flow of 1.0 million gallons per day. 

The wastewater treatment at Hamburg consists of primary clarification, 
biological treatment using activated sludge, secondary clarification, and 
chlorination before discharge to the Schuylkill River. Waste-activated 
sludge and primary sludge are blended and thickened in the primary 
clarifiers. The thickened sludge is anaerobically digested and disposed 
on the farmland in the area. 

. 

A waterquality monitoring station, WQN113, operated by the Penn- 
sylvania Department of Environmental Resources, is located 1.8 miles 
below the plant. Two more monitoring stations are situated upstream 
from the Hamburg plant; WQNll9 is some 20 miles upstream on the 
Little Schuylkill River, and WQNl20 is approximately the same distance 
upstream on the West Branch Schuylkill River. We thought the distance 
between these stations and the Hamburg plant was too great for their 
data to be useful in forming a baseline for downstream changes and did 
not include them in the analysis. 
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Figure 4.2: Hamburg Sewage- 
Treatment Plant Effluent Data 1974-84 
(Annual Means) 
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Dkrease the Amount 

became operational in mid-1976; GIGS did not provide a “works in opera- . 
tion” date for the plant. We were able to obtain discharge monitoring 

of, Pollutants reports for Hamburg from April 1974 through October 1984 with only 

D&charged? minor data gaps. Our review of these data revealed a sharp drop in 
effluent suspended solids and BOD, from June to July 1976. Accord- 
ingly, we set the effective date of the upgrade at July 1, 1976. 

Annual means for the Hamburg plant are shown in figure 4.2. Since 
1974, the amount of discharged wastewater has increased fairly 
steadily. The average postupgrade flow was 32 percent higher than 
before the upgrade. Despite this increase in flow, the average level of 
suspended solids was significantly lower in the postupgrade period, and 
BOD, levels dropped to 13 percent of their former average. Fecal 
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Flgun 4.2 continued 
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coliform bacteria levels also dropped substantially after the 
upgrade, but this decrease is not statistically significant, because of 
the high variability of the readings. 
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Fig&e 4.2 continued 
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The effect of the upgrade on the plant effluent was the most apparent in 
1977-79, when the concentration of suspended solids was reduced to less 
than a third of its previous level, and the amount of BOD, discharged 
into the river fell to 10 percent of the pre-upgrade discharge. In the 
early 1980’s, however, much of the reduction in pollutant discharge that 
followed the upgrade was lost. BOD, levels remained below the pre- 
upgrade levels but rose in 1980 and 1981, before falling off again to the 
level achieved in the late 1970’s. The annual mean concentration of 
BOD, for 1980 and 1981 violates the standard of 30 mgl that WA sets as 
a limit for a monthly average of effluent from secondary treatment 
plants. The level of suspended solids in the Hamburg effluent followed a 
similar pattern, rising above even the average pre-upgrade levels, and 
has violated the 30 mgl standard for 3 of the past 6 years. 
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We did not attempt to explain the cause of the upgrade’s diminishing 
effectiveness, although some possible explanations have been suggested. 
The correspondence accompanying Hamburg’s discharge monitoring 
reports and EPA’S project history files on the plant consistently identify 
an industrial discharger, Mid-Atlantic Canners Association, a producer 
of soft drinks, as the cause of the permit violations by the sewage-treat- 
ment plant. The waste from Mid-Atlantic is discharged directly into the 
borough’s sewer system and contains a much higher concentration of 
BOD, than the domestic sewage that the plant was designed to treat. 

The Borough of Hamburg has been discussing the necessity of pre- 
treating Mid-Atlantic’s waste since 1976, and at the time of our last 
interview with the plant superintendent in March 1986, the issue was in 
litigation. In May 1984, EPA inspected the sewage-treatment plant and 
declared it organically overloaded but well below its hydraulic capacity; 
that is, although the amount of wasteflow the plant had been designed 
to handle had not been reached, the amount of organic content in its 
influent was beyond its capacity to treat adequately. The inspector 
believed that the Mid-Atlantic waste was a probable cause of permit vio- 
lations by the plant. However, the inspector also noted that some defi- 
ciencies in the plant’s operation resulted in an incomplete treatment of 
wastes. 

Without additional data, we cannot assess whether the pattern of dis- 
charge of untreated waste from Mid-Atlantic can be associated with the 
apparent effectiveness of the plant in 1976-79 or with the increased 
levels of pollutant from the plant after 1979. Discharge monitoring 
reports are not available from Mid-Atlantic, since it does not discharge 
its waste directly into the river and, hence, is not regulated under NPDES, 
the national pollutant discharge elimination system. Other information 
necessary for an assessment would have to identify the various factors . 
associated with the plant’s performance history and would have to take 
into consideration the 1979 management changes at the plant. 

I 

Did Water Quality We compared the average stream readings, both flow-adjusted and 

Improve Downstream 
unadjusted, of dissolved oxygen, BOD,, ammonia, nitrite, and nitrate at 
WQNl13 for the pre-upgrade and postupgrade periods.’ (The results of 

mom the Plant? these comparisons are presented in tables III.3 and 111.4.) We found that 
changes downstream at WQN113 were mostly in the preferred direction 

‘Significant (p < JO) flow-acijustment models could be developed only for dissolved oxygen, 
ammonia, and nitrite at full flow and ammonia at low flow. 
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but generally minor and less than statistically significant. The level of 
dissolved oxygen, which was quite high before the upgrade, increased 
only marginally by 1 to 2 percent. The decrease in I$OD, was statistically 
significant when adjusted for flow, but the decrease in ammonia levels, 
both flow-adjusted and unadjusted, was less than statistically signifi- 
cant. Nitrite concentrations decreased significantly, and nitrate concen- 
trations increased, which suggests some slight increase in the natural 
nitrification rate. As in the Allentown and Tamaqua cases, the changes 
noticed under all flow conditions were somewhat more pronounced 
under low-flow conditions. 

Were Changes in 
Effluent Related to 
Changes in Stream 
Water-Quality 
Indicators? 

Hamburg plant and downstream readings in terms of the correlation 
between discharge monitoring data records and water-quality data. As 
we have seen, the level of discharged pollutants decreased substantially 
following the upgrade to secondary treatment but, after 3 years, the dis- 
charge returned to higher levels, particularly for suspended solids. We 
were able to develop significant flow-adjustment models for only a frac- 
tion of the constituents we analyzed. Only 4 of the 10 possible sets of 
models for constituents at WQNl13 produced significant results. Corre- 
lations were calculated first for all readings and then for only readings 
taken at low streamflow. (Tables III.6 and III.6 present a matrix of cor- 
relation coefficients for the relationship between Hamburg effluent and 
stream pollutants, both unadjusted and flow-adjusted, as measured at 
WQN113.) 

These correlations follow a pattern similar to what we have seen in the 
other cases: associations between effluent data and stream data are gen- 
erally stronger at low flow and when stream data are adjusted for flow. 
Stream dissolved oxygen levels are significantly correlated with effluent 
BOD,, moderately (0.22) when all observations are used and strongly 
(0.70) under low-flow conditions. Other associations are less clear. 
There appears to be a strong link (0.87-0.99) between stream BOD, and 
plant effluent at low flow, but the correlation is less than statistically 
significant because of the paucity of stream BOD, data. Nitrite levels 
also appear to be related to effluent. 

l 

Flow adjustments were possible only for a fraction of the data sets, The 
available flow-adjustment models strengthened the association between 
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effluent and stream BOD, and nitrite but had no effect on the relation- 
ship between stream ammonia and effluent. Unfortunately, flow adjust- 
ments were not possible for stream dissolved oxygen and nitrate at 
either full or low flow or for low-flow observations of BOD, and nitrite. 

These analyses suggest a causal link between variations in the plant’s 
effluent and changes in stream water quality, particularly as measured 
by dissolved oxygen, BOD,, and nitrite. However, we must consider the 
possibility of other explanations for the stream variations. 

C~)I Other Reasonable With the help of EPA software and the Pennsylvania Department of 

Ex lanations of Water- 
L 

Environmental Resources, we were able to establish that only one other 
point source of pollution within a reasonable distance of WQNl13 

Qu ity Conditions Be offered any competing explanation of changes at our monitoring sta- 

Expluded? tion.2 The General Battery Corporation discharges into Kaercher Creek, 
which joins the Schuylkill River about a fifth of a mile above the plant. 
We were able to obtain most of the effluent records of this company 
from December 1979 through June 1984. 

General Battery’s discharge permit limits the amount of metals that it 
may discharge as well as its suspended solids effluent. From December 
1979 through June 1984, the firm discharged an average of 16,300 gal- 
lons of wastewater per day, containing an average of 7.4 kilograms of 
suspended solids per day. By comparison, the Hamburg sewage-treat- 
ment plant discharged an average 442,000 gallons of wastewater per 
day, containing 46.9 kilograms of suspended solids. 

We applied regression procedures to determine whether the amount of 
suspended solids discharged from General Battery helped explain water 
quality downstream from Hamburg. The firm’s effluent was not found 
to be a significant predictor of any of the downstream constituents we 
analyzed when all stream observations were used. (The regression 
results are presented in table 111.7.) Under low-flow conditions, it was 
significantly related to stream nitrite, but this apparent relationship is 
suspect and is probably a statistical artifact of multicollinearity and a 
small sample size. 

. 

2The nearest upstream point sources, apart from General Battery, are more than 12 miles upstream, 
and the nearest source of a wasteflow as large as Hamburg’s is more than 17 miles upstream. 
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We would have preferred to examine data from General Battery 
extending back to the pre-upgrade period, but both the lack of correla- 
tion with downstream readings and the relatively small level of its 
effluent strongly suggested that the firm was not a major contributor to 
the variations in the levels of the constituents we analyzed from the 
WQNl13 data. This does not imply, however, that there is no connection 
between effluent from this industrial firm and the levels of other pollut- 
ants, particularly metals, that may have been present in the river during 
this period. 

The upgrade of the Hamburg sewage-treatment plant had a clear effect 
on the quality of the effluent being discharged from the plant, beginning 
in June 1976. During the 1980’s, the degree of improvement was not 
maintained at the high level that had been attained in the first years 
after the upgrade. After the upgrade, water quality downstream from 
the plant tended to improve but the improvement was generally small. 
Only BOD, and nitrite levels decreased significantly. Correlation anal- 
ysis indicated a connection between plant effluent and stream dissolved 
oxygen, BOD,, and nitrite. The only other nearby discharger appears to 
have little influence on water-quality measurements at WQN113. 

These findings suggest that the upgrade of the Hamburg sewage-treat- 
ment plant had a measurable effect on downstream water quality and 
that mean water quality throughout 1976-84 would have been substan- 
tially better if the upgrade’s immediate effectiveness in improving the 
quality of plant’s effluent had been maintained cohsistently during the 
entire postupgrade period. 
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The upgrade of the sewage-treatment plant at Lansdale, a small suburb 
some 20 miles north of Philadelphia, was ordered by the Pennsylvania 
Department of Environmental Resources in 1967 to meet new and more 
stringent waterquality requirements for Neshaminy Creek, which 
receives the wastewater from the plant. In 1976, the Department 
approved a proposal to upgrade the plant by increasing both its capacity 
and level of treatment. The capacity was increased to 4.0 million gallons 
per day, and an advanced waste-treatment system was constructed that 
included nitrification-denitrifmation, phosphorus removal, and chlorina- 
tion-dechlorination processes. 

According to GE, the upgrade became effective in December 1980. We 
collected discharge monitoring reports from 1978 and, after reviewing 
them, set the effective date of the upgrade as January 1,198l. The 
Lansdale plant’s location and essential information about the plant are 
shown in the map and profile in foldout figure 5.1. 

Did the Upgrade The decrease in pollutant load after the upgrade is clear from figure 5.2. 

Decrease the Amount 
While wastewater flow increased an average of 15 percent after the 
upgrade, the pollution content of the wastewater decreased significantly 

of Pollutants in every parameter we examined. Suspended solids decreased 28 per- 

Discharged? cent. ROD, dropped to less than a third of its former level, and fecal 
coliform bacteria counts were cut by half. Unfortunately, ammonia and 
phosphorus measurements were not recorded before the upgrade, so 
that no direct comparison with pre-upgrade levels can be made. The 
nitrificationdenitrification process, at least insofar as it is reflected in 
effluent ammonia levels at the plant, does not seem to have been oper- 
ating at full efficiency until a year after the upgrade’s effects are clearly 
visible in suspended solids and E!OD, effluent. The effluent ammonia 
levels for which we have records dropped sharply in 1982. 

. 
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Figure 5.2: Lanodals Sowage- 
Trertment Plant Effluent Data 1878-84 
(Annual Means) Flow 
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FIgpro 5.2 continued 
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Flguro 5.2 continued 
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Figure 5.2 continued 
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In contrast, the Tamaqua and Hamburg plants have very few competing 
point sources. While another plant does discharge indirectly to the same 
stream as the Tamaqua plant and appears to exert some influence on 
water quality at the monitoring station, its influence cannot account for 
the postupgrade improvement in the stream’s water quality. The 
average postupgrade improvements at Hamburg were minimal, but the 
influence of the plant is still detectable downstream and cannot be 
ascribed to other point sources. 

, 

The Allentown and Tamaqua upgrades resulted in significant improve- 
ments in the quality of water downstream from the plants. The salutary 
effects of the upgrade at Hamburg on downstream water quality, while 
detectable, were less substantial. The sizable decrease in pollutant dis- 
charge that resulted from the upgrade at Lansdale failed to produce any 
lasting improvement in downstream water quality because of offsetting 
increases in discharges from other sewage-treatment plants in the 
vicinity. 

P8ge 06 GAO/PEMD874B Cvmtruction Granta Program Case Shdiea 



Chapter 6 
Lanodale SewageTreatment Plant Caw Study 

increased significantly. Only nitrate and phosphorus levels declined, but 
not significantly, under low-flow conditions after the upgrade. 

Were Changes in the 
Effluent Related to 

The juxtaposition of the two sets of findings presented above makes a 
detailed analysis of the plant and stream water-quality correlations 
largely unnecessary. While the upgrade at the Lansdale plant produced 

Stream Water-Quality some substantial decreases in the level of pollutants being discharged 

Indicators? into Neshaminy Creek, little of this improvement seems to have been 
reflected in water-quality changes downstream. Since phosphorus and 
nitrate levels did decrease in the stream after the upgrade, however, we 
examined these two constituents for a statistical association with 
effluent from the Lansdale plant. 

We correlated levels of stream phosphorus and nitrate with plant 
effluent. (The correlation matrixes are presented in table IV&.) There 
appears to be no positive relationship between Lansdale’s effluent and 
these stream parameters. Lower levels of effluent do not imply lower 
concentrations of pollutants in the stream. Decreasing effluent discharge 
from Lansdale, at least in the magnitudes recorded at the plant, had no 
discernible effect at the monitoring station. 

C& Other Reasonable 
Explanations of Water- 

ality Conditions Be 

In an attempt to identify the major determinants of water quality at 
WQN16’7, we examined the discharge monitoring reports of all point 
sources that the Pennsylvania Department of Environmental Resources 
identified upstream of WQN167. The sources of pollution near the ori- 
gins of Neshaminy Creek are numerous, and three other sewage-treat- 
ment plants rival the Lansdale plant in the amount of pollutants 
discharged: Hatfield Township, Doylestown, and Chalfont-New Britain. * 
The combined level of pollutants from these three plants increased sub- 
stantially during the period following the upgrade at Lansdale, as we 
show in table 6.1. The net effect of the changes at all four of these major 
point sources was an increase of 14 percent in the amount of suspended 
solids being discharged into the river and an increase of 10 percent in 
BOD,. 
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cbaptar 6 
Lanadale Sewa#e’hatm@nt Plant Case Study 

Tablp 5.1: Mean Level8 of Effluent From 
Major Polnt Source8 in Upper Suspended 
Neshamlny Creek Bdore and After the Flow (mgd) solids (kgd) EIOD, (kgd) 
Lansdale Upgrade Point source Betore After Betore After Bet ore After 

Lansdale 2.05 2.36 79 57 135 43 
Chalfont-New Britain 1.87 2.18 192 264 216 236 
Hatfield Township 2.56 3.30 27 69 38 143 ____- 
Doylestown 0.54 0.54 91 --%3------ 45 54 
TOW 7.02 8.38 389 443 434 478 

I ’ 

In a series of analyses, we correlated effluent levels from these plants 
with water-quality measurements at WQN167, calculating both simple 
and multiple correlation coefficients. On the whole, the results of these 
analyses were not conclusive. However, flow-adjusted BOD, and nitrite 
levels during low-flow conditions at WQN167 were positively associated 
with the combined total BOD, effluent from Chalfont-New Britain and 
Hatfield. Flow-adjusted BOD, and nitrite were also positively associated 
with the levels of BOD, from Hatfield and with fecal coliform bacteria 
concentrations at Chalfont-New Britain. We found no positive correla- 
tion with Doylestown effluent. Adding the effluent statistics from Lans- 
dale to the total of Hatfield and Chalfont-New Britain failed to improve 
the relationship with stream data. 

From these analyses, it would appear that the effluent from the Lans- 
dale sewage-treatment plant during 1978-84 had less of an effect on 
water quality in Neshaminy Creek, at least at WQN167, than the dis- 
charges from the Hatfield and Chalfont-New Britain plants. Since the 
connection between effluents and water quality is more clearly visible at 
low flow, our inability to develop more flow-adjustment models for low- 
flow conditions may have diminished our ability to separate the indi- 
vidual effects of effluent parameters from different point sources. At a b 
minimum, however, it is clear that any gain in downstream water 
quality achieved by removing effluent pollutants at Lansdale was offset 
by deteriorating conditions at Hatfield and Chalfont-New Britain. 

It should be noted that no positive relationship between effluent and 
stream concentrations could be established without our adjusting the 
data for flow. While the use of flow data from much further down- 
stream almost certainly resulted in the failure to identify some signifi- 
cant relationships between flow and concentration and understated 
others, the procedure does seem to have greatly reduced the number of 
spurious correlations between effluent and stream data. 
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Chapter 5 
Laudale Sewag~Treatment Plant Cwe Study 

Summary The upgrade of the Lansdale sewage-treatment plant resulted in a sub- 
stantial decrease in the amount of pollutants being discharged from the 
plant into the headwaters of Neshaminy Creek. However, the condition 
of Neshaminy Creek, as measured 10 miles downstream from the plant, 
has not visibly improved. Despite improvement in some water-quality 
parameters, the conditions downstream deteriorated, on balance, from 
the pre-upgrade period. There seems to be no relationship between 
effluent from the plant and any stream waterquality parameter, 
including the two parameters that improved after the upgrade. 

We found a connection between the effluent from other sewage-treat- 
ment plants upstream and water quality at the monitoring station, at 
least at low flow. As the effluent increased, the water quality fell. We 
were not able to develop appropriate flow-adjustment models for sev- 
eral waterquality constituents under low-flow conditions for lack of 
flow measurements at the monitoring station, and this hindered our 
ability to establish detailed links between effluent and stream parame- 
ters. The amount of pollutants discharged from other sewage-treatment 
plants increased after the Lansdale upgrade to the extent that there was 
a net increase in pollutants entering the stream, despite the improve- 
ments at Lansdale. 
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Chapter 6 

Summary of Case Study F’indings 

The primary purpose of this study was to develop and test a method- 
ology for evaluating the effects of sewage-treatment plant upgrades 
funded by the Construction Grants Program. The method can be tested 
realistically only by applying it to actual upgrades. We chose for our 
case studies several upgrades for which the stream and effluent data 
appeared adequate. In the course of these case studies, we were able to 
demonstrate our method and refine it, but we also came to some sub- 
stantive conclusions about the success of these upgrades. While we 
cannot generalize from our findings beyond these four case studies, we 
use them as examples of the results that this method can provide. 

The findings we present in this chapter are the result of comparing and 
juxtaposing our case study analyses, without seeking to aggregate the 
data. Our conclusions flow from the evidence we inspected. A more 
exhaustive examination of each plant’s history and each receiving 
stream’s hydrology might well improve our understanding of their inter- 
action, but we believe that it would not alter these first-level findings. 

Did the Upgrades In each of the four case studies, pollution entering the receiving stream 

Decrease the Amount 
from the plant, whether measured in terms of suspended solids, BOD,, 
or fecal coliform bacteria, decreased substantially after the upgrade. 

of Pollutants 
Discharged? 

The decreases occurred despite significant increases in total wasteflow 
at three of the four plants. Decreases in other pollutants could not be 
measured directly at any of the plants. However, the evidence from 
Allentown and Lansdale suggests that the level of effluent ammonia 
dropped at both plants and that phosphorus effluent from Lansdale also 
declined. No information on effluent ammonia was available for 
Tamaqua and Hamburg, and phosphorus data were available only for 
Lansdale. 

The decreases in pollutant effluent from the plants appear to have been 
of a magnitude such that any appropriate statistical technique for esti- 
mating it would not fail to detect it. Small inaccuracies in establishing 
effective upgrade dates would not seriously affect the analysis. 

With the exception of Hamburg, the initial postupgrade decrease in 
effluent was maintained. At Hamburg, a surge in BOD, and suspended 
solids occurred some 3 years after the upgrade, which raised the loading 
of these pollutants to nearly pre-upgrade levels, but the effluent quality 
later returned to its initial postupgrade levels. 
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Did Water Quality 
Improve Downstream 
From the Plants? 

Water quality, as measured by various indicators at the monitoring sta- 
tions downstream from the four upgraded plants, improved in some, but 
not all, cases. Table 6.1 presents a summary of the results of our tests 
for significant improvements in water quality. 

Tatile 6.1: Summary of Statistically 
Significant Decreaaer in Pollutant8 in 
Reueiving Stream8 After the Allentown, 
Hamburg, Lansdale, and Tamaqua 
Upgrader by Flow Condition. 

[#aoved oxygen 

Unadjusted 
Adjusted 

Allentownb 
Full Low” 

Yes Yes 
Yes Yes 

HamburgC Lansdale Tamaqua 
Full Lewd Full Lewd Full Lovf’ ----- 

No No No No Yes Yes 
a a a No’ Yes Yes -- 

SOD (mgl 
UnaBjuste J 
Adjusted 

Yes No 
No No 

Ammonia mgl) 
Unadjuste d’ Yes Yes No 

i:: No 
No No’ No Yes 

Adjusted Yes No No’ e Yes Yes 

Nitrite (mgl) 
Unadjusted No No Yes No 

1: % 
Yes 

Adjusted Yes No Yes a Yes 1: 

Nitrate (m I) 
Unadjuste 8 No No No’ No’ Yes No Yes No 
Adjusted Yes No a a No 0 Yes e 

Phorphorur (mgl) 
Unadjusted a a a a Yes No a e 
Adjusted a a a a Yes a a 0 

%tatistical significance at p < .lO. 

bNondifferenced data and WQN124 readings only; includes all pre-upgrade observations 

CNondifferenced data 

dLowest quartile of observations. 

“Not available. 

‘Significant increase 
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Ch4ptm 6 
Sununuy of Cue Study FIndin@ 

The water quality downstream from the Allentown and Tamaqua plants 
improved significantly in nearly all parameters. (At Allentown, it also 
improved significantly at a monitoring station further downstream.) 
The water-quality improvements downstream from Hamburg were gen- 
erally less than statistically significant. This is most likely a function of 
the small volume of wasteflow from the plant relative to the size of the 
receiving stream and of the plant’s failure to maintain consistently low 
levels of pollutants in the effluent after the upgrade. At Lansdale, water 
quality failed to improve in most respects and, in fact, suffered signifi- 
cant degradation in dissolved oxygen and ammonia. 

Were Changes in The results of our statistical tests for the association between a plant’s 

Effluent Related to 
effluent, as measured by the plant’s discharge monitoring reports, and 
stream water quality, as measured by monitoring stations downstream 

Stream Water-Quality from the plant, generally paralleled our findings regarding water-quality 

Indicators? changes. Plant effluent was found to be significantly associated with 
water quality at Allentown and Tamaqua. This relationship was gener- 
ally stronger under low-flow conditions and when stream observations 
were adjusted for flow. The effluent from Hamburg was also found to be 
associated with the level of some stream pollutants, although not as 
strongly aa at Allentown and Tamaqua. At Lansdale, however, no posi- 
tive relationship between variations in effluent and changes in water 
quality downstream could be found. 

C/m Other Reasonable 
Ebplanations of Water- 

The streams to which the Allentown and Lansdale plants discharge are 
quite different in size, but both are affected by several other point 
sources of pollution. Allentown is by far the most important discharger 

&balky Conditions Be to the Lehigh River for the 26 miles above our monitoring station, but it 

Excluded? is rivaled by another municipal discharger, the Bethlehem sewage-treat- . 

ment plant, and a major industrial discharger a few miles below this 
station. Upgrades both at Allentown and Bethlehem had distinguishable 
effects on water quality at another monitoring station further down- 
stream that is also sensitive to ammonia discharges from the industrial 
source. At Lansdale, however, the substantial decline in effluent pol- 
lutant loadings following the upgrade was more than offset by an 
increase in effluent discharged from several other municipal sewage- 
treatment plants into the same stream. This resulted in a deterioration 
of downstream water quality to levels lower than those prevalent before 
the upgrade. 
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chapter 6 
Summary of Cue Study FindInga 

In contrast, the Tamaqua and Hamburg plants have very few competing 
point sources. While another plant does discharge indirectly to the same 
stream as the Tamaqua plant and appears to exert some influence on 
water quality at the monitoring station, its influence cannot account for 
the postupgrade improvement in the stream’s water quality. The 
average postupgrade improvements at Hamburg were minimal, but the 
influence of the plant is still detectable downstream and cannot be 
ascribed to other point sources. 

, 

The Allentown and Tamaqua upgrades resulted in significant improve- 
ments in the quality of water downstream from the plants. The salutary 
effects of the upgrade at Hamburg on downstream water quality, while 
detectable, were less substantial. The sizable decrease in pollutant dis- 
charge that resulted from the upgrade at Lansdale failed to produce any 
lasting improvement in downstream water quality because of offsetting 
increases in discharges from other sewage-treatment plants in the 
vicinity. 
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Statistical Tables for Allentown Sewage 
Treatment Plot 

Table 1.1: Annual Mean Effluent Levels 
at Allentown in 1976-84 

Year 
1976 

Suspended 
Flow (mgd) aollds (kgd) 

28.39 - 3988.45 
BOD, (kgd) 

3919.18 

Fecal 
coliform 

(no./100 ml) 
47.10 

Ammonia 
t!wJ 

a 
__- -_-- .-.-. -- 

- 
..-.___-. --.-- 1977 29.19 5012.27 3958.58 153.50 a 

-- -. .~- 1978 28.61 3357.25 2425.33 144.08 a 
1979 30.95 a a B a 

.-. .--- -.--.- 
1980 30.46 1599.75 2075.83 20.00 1347.33 ____--.--- --- 
1981 27.48 1537.15 2016.28 12.55 981.00 -- -__ 
1982 28.63 1696.51 1504.20 6.22 747.58 .- 
1983 30.23 1703.09 1812.55 7.09 429.62 -..-_- .---- -- 
1984 33.46 1763.00 895.66 5.50 308.12 

BNot available. 

Table 1.2: Summary of Mean Effluent 
Characterlstlcs Before and After the 
Allentown Upgrade Effluent _---- 

Flow(mgd) ._. 
Suspended solids(kgd) .- -- 
BOD,(kgd) 
Fecalcoliform (no./100 ml) 

Ammonia(kad) 

Jan. 1976 - 
Dec. 1977 

28.81a 

4500.36b 
3939.74b 

c 

94.394 

Jan. 1976 - Sept. 1979 - 
Aug. 1979 Aug. 1984 _____.- 

28.8ga 29.94 

4096.91 b 1655.30 

3420.51b 1694.02 
c 728.33 

l14.27d 10.33 

@Significant difference (p 4 .lO). 

bSignificant difference (p -C 0001). 

CNot available. 

dSignificant difference (p < 001). 

. 
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S~tlatluI TabIem for Allentown Sewage 
TreamentPht 

Tablo 1.3: Moan Pollutant Lovolr at 
S#onr WQNlPS, WON124, and Unadluated ~ Flow-adluated 
WON123 Bofon and Alter the Pollutant and rtatlonr PretnnMion Before Attor Pretraneltlon Before Atter 
Allentown Upgrade: All Flow Condltlono Dl8aoked oxygen 

datlclt 
125 

% 
0.02 

124 
0:14! . b 

i:i$ -0.01 0.03: y$ -o.ot 
123 0.05 0.03" -0.04 

ygf)# (maI) 1.56 1.52 1.74 1.75 1.73 1.76 
124 2.47c 1.59 1.76 1.71 
123 2.664 2: d 1.40 0.33 0.268 -0o:E 

A-2.monla (mgl) O.lld 0.12c 0.24 -0.04@ 0.05 124 

123 ;:;t e 

0.32" 0.23 -cm& 

0.704 0.40 %" 0:20d 7g.g . 

y;glte (mgl) 0.036 0.03 0.01 
124 O-O5 0.01: O.Oli -0.011 
123 

i:8Z 
0.09 

Es 
* 0.W 0.32d -0.32 

y;pte (mgl) 

124 
123 

LNot available. 

bSignificant difference (p < .Ol). 

%ignificant difference (p < .lO). 

0.53 0.120 
1.53 0.0&F 
1.76 0.06c 0.07 -0.07 

dSignificant difference (p < .OOOl). 

OSignificant difference (p < .OOl) 
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Strtiatlcal Tdaa for Mentown Sewa#~ 
Treatment Plant 

Table 1.4: Mean Pollutant Levola at 
Station@ WONlPS, WQNl24, and 
WON123 Dofore and Aftor the 
Allentown Upgrade: Low-Flow 
Condltlonr, Lowest Qusrtlle 

Unadlurted Flow-adlusted 
Pollutant and atatlon Pretranaltlon Before After PretranJtlon Before After 
Dlraolvod oxygen 

%clt 0.07 
124 
123 g:: 

Ki I;*;: 
o:16b oil9 

0.07; 
0.12 g;i I& 

fgD6 (maI) 
1.2od 1.16d 

124 3.25 3.11 2; 
123 2.23 2.15 1:59 

o.06a 0.05a -0.1 Ia 
a a a 

f2ymonla (mgl) 
0.12d -0.16d -0.12b 0.05 

124 K" b i?z 
1.61: l&P OkI 

* 0.51 -0.10 
123 II a a 

~;;rlie (mgl) 

124 
123 

y;pte (mgl) 

12 

‘Not available. 

0.03 0.03b 0.02 0.26 
0.06 

0.37: 0.w Ki 
B 00:~ -O.li 
B a a 

0.62" 0.66C 0.51 a 

1.97@ ::2 
1.95 a o.148 -0.03a 
2.24 a a a 

bSignificant difference (p < .lO). 

CSignificsnt difference (p -=I 001). 

dSignificant difference (p < .Ol). 
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Appendix I 
Statbttca.l T&lea for Allentown Sewage 
Treatment Phnt 

T&jble 1.6: Me@n Pollutant Love18 at 
StatIona WONlPS, WbN124, and 
WON1 23 Batore and Aftor the 
Allentown Upgrade: Low-Flow 
Condltlons, Lower Half 

Unadlumted Flow-adjucrted 
Pollutant and station Pfetranrition Before After Pretranritlon Before After 
Dissolved oxygen 
deficit - - 
125 0.05 0.04 0.04 a a a 
124 O.llb O.loc 
123 0.17b 0.16c -0o:oO; 0.18~ 0.16: 0.0B8 

gD6 (maI) 
l.27d 1.74 

124 Z 2.27 0.14a o.og8 -0.19a 123 1.73 a a a 

F2Tmonla (mgl) 

124 
123 

~;l$lte (mgl) 

E 

y;pte (mgl) 

124 
123 

0.148 
0.36 

00::: 034 -0.09b 
0.34 0.04 

-~:cm;" 0.07 
-0.08 

1.09b 1.138 0.58 * a a 

0.038 0.03= 0.01 

0.06 0.14 0.06 0.16 0.12 0.06 0.25: 0.22d 0.21: 0.28" -0.14a -0.17 

0.79b 0.81’ 0.53 
::58: 1.62 1.78 -1.73: -1.63: -1.26' 

1.97 2.08 0.01 0.03 -0.02 

BNot available. 

bSignificant difference (p < .OOl). 

CSignificant difference (p < .Ol). 

dSignificant difference (p < .lO). 

%ignificant difference (p < .OOOl) 
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Appendix I 
Btatbthl Tablea for Allentown Sewage 
Treatment Plant 

Table 1.0: Mean Dlfferencod Pollutant 
Levela at Statlonr WON124 and Unadlusted Flow-adjusted 
WON123 Before and After the Pollutant and station Protransition Before After Pretranrltlon Before After 
Allentown Upgrade: All Flow Condltlona Disrolved oxvoen 

&;lclt -- 

123 
b b b 

b b b 

o.95a 0.93’ -0.14 0.06 0.01 -0.74 
1.16c 1.07c -0.27 -1.25' -l.328 -2.12 

fi2;monla (mgl) 

123 
0.18c o.20c -0.01 o.ogc O.llC -0.13 
o.5gc o.57c 0.16 0.2lC 0.22c -0.26 

y;R$te (mgl) 

123 
0.02 0.03 b b b 

0.06 0.06 b b b 
- 

y;yte (mgl) 

123 
0.63d OCY 1.00 -0.05 -0.04" 0.12 
0.99 0.99" 1.23 -0.06 -O&l8 0.12 

%ignificant difference (p < .lO). 

bNot available. 

CSignificant difference (p < .OOOl). 

CSignificant difference (p < .OOl). 

lab 
Lev IO at Stations WON124 and 
WQ 

i 

1.7: Mean Dlfferenced Pollutant 
Unadlusted Flow-adjusted 

123 Before and After the Pollutant and statlon Pretranrltlon Before After Pretranrltlon Before Atter 
Alle town Upgrade: Low-Flow Dlrsolved oxygen 
Con Itlonr, Lowest Ouartlle deficit 

1;: i:E 
0.06 

KZ 
a B a 

0.17 a a a 

ygD6 Owl) 
l.8gb l.81b 0.13 B B a 0 

123 1.03G 1.05C -0.54 a a a 

~2~monla (mgl) a 0.75 
if 

a 0.57b -0.21 . 

123 166d 1.50" a a a 

y;i$te (mgl) 

0.33: %5 
0.06 a -0.29 0.13 

123 d 0.12 a a a 

y;rate (mgl) 

123 1.1*a 
l.Olb 

1:%! 
B a a 

1.55 a a B 

ONot available. 

bSignificant difference (p < .lO). 

CSignificant difference (p < .Ol). 

dSignificant difference (p < .OOi). 

“Significant difference (p < 0001). 
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StaWcal TabLea for Allentown &myb 
Treatment Plant 

Tablo 1.8: Mman Dlffonncod Pollutant 
~eivela at Statlone WON124 and 
WQNl23 Before and After the 
Allentown Upgrade: Low-Flow 
Condition& Lower Half 

1.9: Correlation of Allentown 
thly Average Effluent Loads Wlth 

urted Stream Obeervatlona at 
Sfation WON124 

Unadiurted Flow-adlurted 
Pollutant and #taMon Pretranrltion Befor After PretranaiUon Before After 
Dlwolved oxygen 

%lclt 0.06s b b b 

123 0.15' b b b 

p4D6 W) 
123 

1.38 1.31 
1.068 :f!: 1.078 . 

b b b 

b b b 

0.15; 0.214 -0.16 
b b 

123 
b b b 

b b b 

y;$ate (mgl) 

123 
0.67c 0.74c 1.24 
0.84' 0.w 1.54 

b b b 

b b b 

‘Significant difference (p < .lO). 

bNot available 

CSignificant difference (p < ,001). 

dSignificant difference (p < 0001) 

Effluent 
Fecal 

Flow Flow Su8 ended 
8 

SOD collform Ammonia 
Stream measure stratum (mgd) soli 8 (kgd) (kgdj (no./100 ml) (kg4 
Dissolve ,d oxygen 
AS‘i#.i+ "VIICIII 

BOD, Owl) 

100 

2 

'Liz 
25 

Ammonia(mgl) 100 

2 
Nitrite (mgl) 100 

E 

Nitrate (mgl) 100 
50 
25 

0.05 0.258 
0.13 -o:lgl t:: OW E 
0.22 0.23 -0.28 

-0.34 Kz -0.01 0.05 
-0.14 

0:37 
-KE -0.08 

0.47 I 0.51 

0.14 0.13 0.26" -0.28b 
-0.05 tE Ki 0.20 0.16 

KE -0.03 0.03 70.05 0.12 

-0.18 -0.26 -0.22 
-0.09 -0.16 0.12 

-0.03 -0.13 0.08 0.02 -0.0: 

-0.27 

-0.14 

Z:Ed a 

-0.01 
0.46b 
0.34 

0.22 
0.36 
0.29 
0.51b 
0.688 
0.66 

0.41b 
0.27 
0.28 
0.20 
0.33 
0.40 

'p < .lO. 

bp < .Ol. 

cp < .cGOl. 

dp < 001. 
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Appendix I 
StatbtIcd Tablee for Allentown Sma~@- 
Treatment plant 

Table 1.10: Correlation of Allentown 
Monthly Average Effluent Loads Wlth 
Unadjusted Stream Observations at 
Statlon WON123 

Effluent 
Fecal 

Stream measure str%~ (I$$ 
Sur ended 
sol1 8 (kgd) ykyd (no./100 ml) s 

collform Ammonia 
Wgd) 

iwsovedoxygen 
100 

YE 
oh 

ii: 
0.16 0.14 

;: O:lob 
0.24 
0.32 ii:; 

% 
0.62; 

BOD, (mgl) 100 -0.33 0.24 0.30b ;:;;: o.50c 

:: Os1t3 K" -0.15 0.39 0.14 0.37 0.64 
Ammonia(mgl) 100 -0.436 iEib 0.33b 0.31c 0.48c 

50 -0.30 053' 0.44c -0.42b 
25 -0.52b 

0:55: 
oiw 0.52b 0.45 

Nitrite (mgl) 100 -0.25b 0.08 -0.09 0.09 0.15 

E! -0.07 0.14 0.27 0.728 -% . 0.20 0.7&P -0.21 -0.35 
Nitrate (mgl) 100 -0.16 -0.09 -0.10 0.02 0.34b 

z :'A: . -0.11 0.04 -0.16 -0.11 -0.10 -0.03 0.4lb 0.44 

BP'< ml. 

bp < .lO. 

cp < .Ol. 

dp < .ooo1 

lab’ 1.11: Correlation of Allentown 
MO hly Average Effluent Loads With 

i 

Effluent 
Flo -Adjusted Stream Observatlons at Fecal 
Stat on WON1 24 Flow Flow Suspended SOD coliform Ammonia 

Stream measure stratum (mgd) solids (kgd) (kg4 (no./100 ml) (WI 
Dissolved oxygen 
deficit 100 0.04 0.36a 0.338 0.20 0.17 

z -0.06b -0.05b 0.36b 
b 

-0.15 0.17b 

- BOD, Owl) 

Ammonia(mgl) 

Nitrite (mgl) 

Nitrate(mgl) 

100 
-0.3oc 

-0.07 0.48c . 

;Ei 02 ::ii 

-% 

0:42 

-% 

029 :'E . 

100 -0.17 
0.24c 0.54a 

z 
0.21 i:Z 

-0.41 0.53: 
o.2gc E 

0.26' 
0.61a 

0.11 0.7oc 

'ii ?iE i:Z i?zc Ez 
0.03 

25 0.55: OS -0:16 -0:04 -KZ 

'ii Ki 
0.16 

o.22a 
:g:;; 

0.25c 0.04 
-0.13 -0.11 0.35 

25 0.43 0.28 0.31 0.37 

ap < .Ol. 

bNot available 

cp < .lO. 
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APpendir 1 
. Statittcal Tablem for Allentown &mes 

Treatment Plant 

Tab 
MO x 

I. 12: Corrolrtlon of Allentown 
hly Average Effluent Lord8 With Htluont 

FlovkAdJuoted Stream Obaervatlons at Fecal 
StatJon WON123 collform Ammonla 

fittd (no./lOOml) &ad) 
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